According to your model presented in Figure 10 , PTST2 should be epistatic to SS4 because in the absence of PTST2, MOSs cannot be correctly provided to SS4 and the latter, in turn, cannot function properly to initiate starch granule synthesis/formation. However, ptst2 and ss4 mutants do not have fully identical phenotypes, which indicates that PTST2 and SS4 proteins are likely involved in the same process but also have specific functions. It would hence be useful to quantify the rates of starch synthesis and degradation in the ptst mutants and compare them to the ss4 mutant. If these rates are also slowed down in the ptst mutants as in the ss4 mutant then the model of Fig. 10 would be reinforced. If data on a ptst2 ss4 double mutant were available, this would further strengthen the conclusions.
manuscript provides coherent and solid data suggesting that PTST2 and PTST3 (although to a lesser extent in the case of PTST3) are now new factors involved in that process. It demonstrates that the starch pathway is still not fully unraveled and that new factors are still to be discovered to understand the mechanism of starch granule priming and consequently the control of granule numbers and morphology in plants. Here are some specific comments/questions: Point 1. The starch content in the different mutant and control lines analysed in this work has been determined at the end of the day and/or the end of the night. A slight increase has been reported for the ptst2-mutants compared to the wild type. In the ss4-mutant, the starch content is reduced at the end of the day, but increased at the end of the night compared to WT. It was shown that the rate of starch synthesis and degradation was reduced in the ss4-mutant. It would be useful to show a day/night cycle of starch synthesis and degradation for the analysed mutants (at least one mutant allele per gene) compared to the WT and ss4-mutant.
RESPONSE: As requested, we did starch measurements at different time points over a diel cycle. As reported in the original submission, we observe no significant difference in starch content at the end of day between ptst mutants and the wild type, but differences at the end of night. The pattern of starch synthesis and degradation in the ptst2 ptst3 double mutant closely resembles that of the ss4 mutant, indicating that the rates of starch synthesis and degradation are similarly affected in the two mutants. In the ptst2 and ptst3 single mutants, we see a slight reduction in starch synthesis and degradation rates, but not as strongly as in the double mutant. This supports our hypothesis that SS4 function is greatly compromised in the absence of both PTST2 and PTST3.
These data have been added to Figure 4 of the revised manuscript and the following text has been added to the Results: "However, this effect was exacerbated in the ptst2 ptst3 double mutant, which had an end-of-night starch content that was significantly higher than ptst2, and comparable to that of the ss4 mutant. Given this similarity to ss4, we measured starch over a 24-h day-night cycle ( Figure 4C ). The pattern of starch turnover in the ptst2 ptst3 double mutant closely resembled that of ss4, with a reduced starch synthesis rate during the day and a reduced degradation rate during the night. This was also observed, although to a lesser extent, in the ptst2 and ptst3 single mutants."
The following text has been modified in the Discussion: "Nevertheless, in Arabidopsis, PTST3 has some ability to function in granule initiation in the absence of PTST2, since the ptst2 ptst3 double mutant contained fewer granules than ptst2, and accumulated more ADP-glucose (Figures 5 and 7) . The pattern of starch turnover in the ptst2 ptst3 double mutant more closely resembled that of ss4 than either ptst2 or ptst3 single mutants ( Figure 4C )." Point 2. Similarly, the starch content in the root tip (columella) is altered in the ss4 mutant. I would suggest investigating this in the ptst mutants (a simple visualization by light microscopy after iodine or toluidine blue staining would be enough).
RESPONSE:
We stained the root tips with iodine to visualise the starch. Indeed, starch content in the columella cells is greatly reduced in the ptst2 ptst3 double mutant and the ss4 single mutant, compared to the wild type (see below). However, no obvious change in the amount of starch was observed in the ptst2 and ptst3 single mutants. This is interesting, and suggests that SS4 also requires PTST2 and PTST3 for proper activity in this tissue. However, we feel that this current manuscript is focused on the role of these proteins in leaves. We would therefore prefer to leave this figure out of the manuscript.
Point 3. A mutated form of PTST2 (2 conserved tryptophan residues were substituted with alanine residues) was overexpressed in Arabidopsis (p. 23 lines 444-459). It is suggested that this modified form of PTST2 has a dominant negative effect since the number of granules per plastid is comparable to that of the mutant ptst2. This is interesting and the authors suggest that this mutated form of PTST2 is likely to compete with the WT form for binding to SS4. I suggest checking whether the form PTST2 2xW-> A is still able or not to interact with SS4. I think it is important to show this because the model of PTST2 function proposed by the authors (Figure 10 ) assumes that SS4 and PTST2 interact. Similarly, it would be useful to check the ability of the PTST2 2xW-> A form to interact with the MOSs through the use of the ITC approach as described for the WT form (Fig. 9 ). "These data suggest that the mutated form of PTST2 has a dominant-negative effect, whereby the non-glucan binding form of PTST2 competes with the endogenous wild-type form, presumably for SS4 binding. Indeed, we confirmed that the 2×Wà A variant could still interact with SS4 in vivo (Supplemental Figure 6) . The CBM48 domain is therefore necessary for PTST2 function." When expressed in E. coli, the 2xWà A protein is much less soluble than the wild-type PTST2 protein. For this reason, we could not obtain sufficient quantities of it to run the ITC experiments. This is why we conducted starch binding assays to show that glucan binding activity in the mutant is abolished, as this requires much less protein.
Point 4. The authors express doubts about the involvement of fibrillins in controlling the initiation of starch synthesis after it was suggested that they interact with SS4 in the leaves of Arabidopsis (Gamez-Arjona et al., 2014) . Indeed the mutation of the fibrillins does not make it possible to reproduce the phenotype SS4 or a phenotype approaching it. Moreover, they also refer to a very recent article (Lundquist et al., 2016) that shows no interaction between fibrillins and SS4 in the chloroplast of Arabidopsis. I wonder if in their pull-down experiments conducted with SS4 as bait, the authors found no interactants other than PTST2. Point 5. The results presented in this article are very interesting and indicate that PTST2 and SS4 are major factors for the control of the initiation of the synthesis of starch granules in the chloroplasts of Arabidopsis thaliana. The authors propose that PTST2 provides the required MOS substrates to SS4 so that the latter elongates them so that they become substrates for other enzymes. This is an interesting hypothesis. However, the results of this work show that only long enough MOSs, such as maltodecaose, are able to interact with PTST2. However, a DP10 glucan is long enough to be a good substrate for other starch synthases such as SS1 and SS3. Why are these unable to use these glucans for further elongation? Moreover, this work raises the question of the origin of the substrates required for the initiation of the synthesis of starch. How, when and where are they produced and by what enzyme(s)? Szydlowski et al. (2009) have shown that SS3 and SS4 possess partially redundant activities for the control of initiation of starch synthesis. In fact, the synthesis of starch collapses in the ss3 ss4 double mutant. Only a few isolated chloroplasts are still able to synthesize a single large starch granule (probably by a stochastic effect allowing starch synthesis to occur because the synthesis machinery is present in the ss3 ss4 mutant). If the mutation of PTST2 prevents SS4 from functioning properly to initiate starch synthesis as suggested by the authors, then the combination of the ss3 and ptst2 mutations should lead to a phenotype similar (not identical because the ss4 and ptst2 mutants do not have identical phenotypes) to that of the double mutant ss3 ss4, that is to say a collapse of starch synthesis.
RESPONSE: As the reviewer mentioned, the ss3 ss4 double mutant is almost starchless, suggesting that in the absence of ss4, SS3 plays an important role in initiating granules. However, the other starch synthases (including SS3) cannot carry out granule initiation as effectively as SS4 -otherwise the ss4 single mutant would not have the severe granule initiation-phenotype that it does. As we explain in the Introduction and Discussion, this is at least partly due to the premature hydrolysis of granule precursors by AMY3 in the absence of SS4. The amy3 ss4 double mutant produces more granules than ss4, and the amy3 ss3 ss4 triple mutant produces more starch granules than ss3 ss4. Other starch synthases such as SS1 and SS3 may elongate MOS in vitro, but the efficiency at which they do so in vivo may not be sufficient to overcome the activity of glucan-degrading enzymes in the chloroplast.
It is still an open question as to what produces the MOS in the first place.
We speculate in the Discussion that MOS could be synthesised de novo from the combination of SS and PHS activity. The degradation of larger polymers, once initiated, can also represent an alternative/additional source of MOS.
Crossing ptst2 (and ptst3) with ss3 is an excellent idea. Since our model suggests that PTST2 acts together with SS4, we predict granule initiation will be more compromised in the ptst2 ss3 double mutant than either ptst2 or ss4 single mutants. However, we would not expect ptst2 ss3 to be identical to ss3 ss4 because the ptst2 mutation does not completely abolish SS4 activity and the granule initiation phenotypes of ptst2 and ptst2 ptst3 are not as severe as that of ss4. The granules observed in ptst2 and ptst2 ptst3 are likely initiated by both SS3 and SS4. These lines will be generated and experiments conducted for a future publication.
Point 6. participates in starch metabolism is unknown. While no interaction between PTST2 and ISA1 could be detected in Arabidopsis leaves, an interaction between PTST2 and SS4 was observed." This is confusing because 108-110 is published and 111-112 is not (I deduce). I prefer that the Introduction should not contain any results, only background and aims. RESPONSE: We realise that this was written in a confusing way. However, we still feel that it is important to mention in the Introduction that we have no evidence for a PTST2-ISA1 interaction in Arabidopsis leaves. The idea that PTST2/FLO6 has a different role in rice endosperm vs. Arabidopsis leaves is surprising. We would like the reader to be aware from the outset of the manuscript that we are presenting an alternative model for the function of the protein in leaves. The last sentence of the Introduction has been changed to:
"We propose here that in Arabidopsis leaves, PTST2 and PTST3 interact with SS4 rather than with ISA1, and play a critical role in granule initiation by delivering suitable glucan primers to SS4" Point 2. Line 298: "… broad frequency distribution ( Figure 4D )." I feel that this should have statistical analysis, but not sure how to do it.
RESPONSE: Comparative statistical analysis between the distributions is not straightforward to conduct or interpret. The production of these frequency distributions was in itself a statistical analysis that surveyed a large number of chloroplasts. As the distributions are reproducible between biological replicates, as well as experiments (e.g.: comparing Col in Figure 5 and Figure 10 ), we are confident that the histograms provide a visual representation that summarises the number granule sections in a large number of chloroplasts.
TPC2017-00222-RAR1 2 nd Editorial decision -acceptance pending
June 28, 2017
We are pleased to inform you that your paper entitled "Homologs of PROTEIN TARGETING TO STARCH control starch granule initiation in Arabidopsis leaves" has been accepted for publication in The Plant Cell, pending a final minor editorial review by journal staff. At this stage, your manuscript will be evaluated by a Science Editor with respect to scientific content presentation, compliance with journal policies, and presentation for a broad readership.
Final acceptance from Science Editor July 5, 2017
